1. Introduction
===============

Breast cancer is the most lethal malignant tumors among women worldwide.^\[[@R1]--[@R4]\]^ The incidence of breast cancer from 2005 to 2014 was driven by increases of 1.7% per year in Asia.^\[[@R5]\]^ Besides, 268,670 new breast cancer cases and 41,400 breast cancer deaths are predicted to occur in 2018 in the United States.^\[[@R6]\]^ Breast cancer is related to many kinds of dangerous factors, such as the genetic, environment, region, ethnicity, lifestyle, and exogenous exposures.^\[[@R7]\]^ In recent years, the risks of genetic factors related to breast cancer have been extensively studied; however, the pathogenesis still needs to be demonstrated.

Xeroderma pigmentosum group A (XPA), a relatively small 273-residue protein, takes part in modulating the recognition of DNA damage during the DNA nucleotide excision repair (NER) process.^\[[@R8]\]^ XPA is a part of the NER complex, which is responsible for the repair of UV radiation-induced photoproducts and DNA adducts by chemical carcinogens.^\[[@R9]\]^ XPA is encoded by *XPA* which is about 25 kilobases length and localized on human chromosome 9q34.1.^\[[@R10]\]^ The most extensively studied A23G polymorphism, the *XPA* (-4) G-to-A polymorphism (rs1800975), is located in the 5'-untranslated region (UTR) and is 4 nucleotides upstream of the start codon.^\[[@R11],[@R12]\]^ Recently, accumulating attentions have been paid on the association between *XPA* rs1800975 polymorphism and the risk of breast cancer, but the opinions are inconsistent. Therefore, the meta-analysis was performed to further elucidate the association between *XPA* rs1800975 polymorphism and breast cancer risk.

2. Methods
==========

2.1. Search strategy
--------------------

Relevant studies were identified in the following databases: PubMed, Embase, Cochrane Library, China National Knowledge Infrastructure (CNKI), and Wanfang Med Online databases to March 8, 2018 without language restrictions by 2 independent researchers (YZ and QG). The search terms were as follows: ("xeroderma pigmentosum group A" or "XPA") and ("polymorphism" or "mutation" or "variant" or "allele" or "genotype," or "SNP") and ("breast tumor" or "breast neoplasm" or "breast malignant tumor" or "breast carcinoma," or "human mammary carcinoma" or "breast cancer" or "mammary cancer," or "breast malignant neoplasm"). The search was limited to human studies. The references in the searched studies were examined by manual retrieval to identify the studies that may not be included in these databases. The studies meeting the following inclusion and exclusion criteria were included in this meta-analysis.

2.2. Inclusion and exclusion criteria
-------------------------------------

All the studies included in the meta-analysis should meet the following criteria: the design of original article was a cohort or case-control study; studies evaluated the association between *XPA* polymorphism and breast cancer risk; and the numbers of genotype frequencies in cases and controls in each study must be given in the original study or the genetic distribution can help infer the needed results. Exclusion criteria were: duplicate publication; obviously irrelevant studies; comment, review and meta-analysis; and the genotype frequencies were unavailable.

2.3. Data extraction
--------------------

The bibliographic search and data extraction were conducted independently by 2 investigators (XY and XZ) from all the eligible publications according to the above inclusion and exclusion criteria. The following information from each study was extracted: the first author\'s name, year of publication, country, ethnicity, genotyping method, source of controls, numbers of cases and controls with the *XPA* genotypes, and Hardy--Weinberg equilibrium (HWE) in controls. Furthermore, ethnicity was categorized as non-Asians and Asians.

2.4. Quality assessment
-----------------------

A quality assessment was independently performed for all of the included studies by 2 authors (LZ and ZZ) using the Newcastle--Ottawa quality assessment scale (NOS),^\[[@R13]\]^ and any disagreement was resolved by discussion and consensus. The NOS comprises the following 3 parameters of quality: selection, comparability, and exposure. The range of the scores is from 0 to 9, and studies with scores of 6 to 9 points are considered to be high quality.

2.5. Statistical analysis
-------------------------

Meta-analysis was conducted using STATA version 12.0 (Stata Corporation, College Station, TX). In this meta-analysis, associations were considered statistically significant if the *P* \< .05. The possible association between the *XPA* rs1800975 polymorphism and breast cancer risk was evaluated by odds ratios (ORs) and 95% confidence intervals (CIs) according to codominant (A vs G), homozygous (AA vs GG), heterozygous (AG vs GG), dominant (AA + AG vs GG), and recessive (AA vs AG + GG) models. Z-test was used for assessing the significance of the pooled OR, with *P* \< .05 considered statistically significant. Heterogeneity was assessed by Cochrane\'s Q test and the *I*^*2*^ statistic. Significant heterogeneity was considered when *P* \< .05, or *I*^2^ \> 50%. The fixed-effect model (the Mantel--Haenszel method) was used for the outcomes when there was no statistically significant heterogeneity, otherwise the random-effects model (the DerSimonian and Laird method) was used.^\[[@R14]\]^ Sensitivity analysis was performed to confirm whether the results were considerably affected by any single study. Potential publication bias was explored using Begg\'s test.^\[[@R15]\]^

3. Results
==========

3.1. Search results and study characteristics
---------------------------------------------

The detailed process of study selection was summarized in Figure [1](#F1){ref-type="fig"}. Based on the search strategy in the Methods, a total of 313 potentially relevant publications were initially identified. A total of 298 articles were excluded after the titles and abstracts were screened. After abstracts and texts were assessed, 15 candidate articles were subjected to further evaluation. Finally, 6 articles shown in Table [1](#T1){ref-type="table"} met the inclusion criteria and were included in the final meta-analysis.^\[[@R16]--[@R21]\]^ Six articles were published from 2006 to 2016, mainly using PCR-restriction fragment length polymorphism (PCR-RFLP) and Taqman methods to detect the genotype of *XPA* polymorphism. These studies included 5069 subjects (2338 cases and 2731 controls). Overall, 3 studies were conducted in non-Asians and 3 in Asians. Among these studies, 3 were population-based on the source of controls while others were hospital-based. The *XPA* rs1800975 genotypic frequencies in all the subjects of control groups were consistent with HWE except one study (Table [1](#T1){ref-type="table"}). Study quality was assessed by NOS, and the scores ranged from 7 to 8, so the studies were considered to be high quality. According to the *P*-value and *I*^2^ of the *XPA* rs1800975 polymorphism, random-effects model was used to analyze studies since high heterogeneity was found in each genetic model (Table [2](#T2){ref-type="table"}). In ethnicity and source of controls subgroup analysis, high heterogeneity was found in Asians-group and hospital-based group and therefore random-effects model was used (Table [3](#T3){ref-type="table"} and Table [4](#T4){ref-type="table"}).
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Characteristics of included studies in the meta-analysis.
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Results of meta-analysis for the association between *XPA* rs1800975 polymorphism and breast cancer risk.
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Results of ethnicity subgroup analysis for the association between *XPA* rs1800975 polymorphism and breast cancer risk.
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###### 

Results of subgroup analysis based on source of controls for the association between *XPA* rs1800975 polymorphism and breast cancer risk.
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3.2. Meta-analysis results
--------------------------

The main results of this meta-analysis and heterogeneity assessment are presented in Table [2](#T2){ref-type="table"}. For the association between *XPA* rs1800975 polymorphism and the risk of breast cancer, no obvious associations were found for all genetic models (codominant: OR = 1.02, 95% CI = 0.85--1.23, *P* = .819; homozygous: OR = 1.06, 95% CI = 0.72--1.54, *P* = .770; heterozygous: OR = 1.04, 95% CI = 0.81--1.34, *P* = .759; dominant: OR = 1.06, 95% CI = 0.81--1.38, *P* = .695; and recessive: OR = 1.00, 95% CI = 0.76--1.31, *P* = .989)(Table [2](#T2){ref-type="table"}). However, in the 2 subgroup analyses, the data showed that there were statistical associations between *XPA* rs1800975 (A/G) variance and breast cancer risk in the recessive (AA vs AG + GG) model. In the ethnicity subgroup analysis, the data showed that *XPA* rs1800975 polymorphism significantly decrease the risk of breast cancer in non-Asians (recessive: OR = 0.80, 95% CI = 0.64--1.00, *P* = .045), but not in Asians (recessive: OR = 1.19, 95% CI = 0.85--1.68, *P* = .310) (Table [3](#T3){ref-type="table"} and Fig. [2](#F2){ref-type="fig"}). Moreover, subgroup analysis based on source of controls demonstrated that *XPA* rs1800975 polymorphism was related to decreased breast cancer risk in population-based group (recessive: OR = 0.80, 95% CI = 0.64--1.00, *P* = .045) while not in hospital-based group (recessive: OR = 1.19, 95% CI = 0.85--1.68, *P* = .310) (Table [4](#T4){ref-type="table"} and Fig. [3](#F3){ref-type="fig"}).
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3.3. Sensitivity analysis
-------------------------

Sensitivity analysis was conducted to detect the influence of each individual study on the pooled ORs by sequentially removing 1 single study each time. The data demonstrated that the pooled ORs were stable with the removal of any study in any of the models (Fig. [4](#F4){ref-type="fig"}).
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3.4. Publication bias
---------------------

The publication bias of the selected articles was detected by Begg test. No publication bias was detected for this polymorphism in all genetic comparison models (codominant: t = 0.14, *P* = .898; homozygous: t = 0.20, *P* = .848; heterozygous: t = 0.61 *P* = .578; dominant: t = 0.61, *P* = .574; and recessive: t = 0.60, *P* = .583) (Fig. [5](#F5){ref-type="fig"}).
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4. Discussion
=============

*XPA* encodes a zinc-finger DNA-binding protein, which plays a crucial role in both global genome and transcription-coupled repair pathways.^\[[@R22]\]^ Any possible changes that occur in the *XPA* gene might have the potential to impact the function of proteins and subsequently reduce the ability of DNA repairing, which may be related to the occurrence and the development of various cancers.^\[[@R23],[@R24]\]^ Accumulating attention has been paid on *XPA* in recent years, and several studies have suggested its association with the risk of cancers.^\[[@R11],[@R25]--[@R29]\]^ However, the results in breast cancer were inconsistent. Some studies reported that *XPA* rs1800975 was related to the risk of breast cancer,^\[[@R19],[@R20]\]^ while some studies reported that *XPA* rs1800975 polymorphism was not associated with breast cancer risk.^\[[@R16]--[@R18],[@R21]\]^ Even though a meta-analysis concerning the association of *XPA* rs1800975 polymorphism and breast cancer risk with 2 case-control studies and 3 genetic models was reported in 2012 by Liu et al,^\[[@R9]\]^ which showed that *XPA* rs1800975 was non-significant for breast cancer risk, different studies still reported inconsistent opinions after that. Therefore, we conducted the meta-analysis with much more studies and more genetic models to further evaluate the association between *XPA* rs1800975 polymorphism and breast cancer risk.

The present meta-analysis involved 2338 breast cancer cases and 2731 healthy controls in 6 case-control studies. According to the standards of NOS, all the 6 studies were considered to be high quality research. In the pooled analysis, no significant association was observed in all the 5 models. The finding was consistent with Liu\'s study. Interestingly, in subgroup analysis based on ethnicity, significant association was identified in non-Asians in the recessive model and the data showed that *XPA* rs1800975 polymorphism may decrease the risk of breast cancer in non-Asians. However, no significant association was found in Asians in all the 5 models. Besides, in subgroup analysis based on source of controls, significant association was also found in population-based group in the recessive model but not in hospital-based group. A possible reason for this phenomenon is that the linkage disequilibrium patterns in alleles in different ethnicity. The different finding between the present meta-study and Liu\'s study may attribute to the much more included cases and subgroup-analysis conducted in our study. And *XPA* rs1800975 polymorphism may play a more important role in the risk of breast cancer in non-Asians. In addition, even though the region was divided according to the ethnicity, the ethnic origin of breast cancer patients and healthy controls could not be obtained for the limited information in the included studies. The relatively small sample-size and the different genotyping methods used in these studies may affect the accuracy of the results. Even though, the sensitivity analysis showed that all studies had no significant effect on the pooled results. Besides, Begg test provided no evidence for funnel-plot asymmetry, indicating that there was no obvious publication bias in the present study.

Our findings contribute to the better understanding of genetic polymorphisms of *XPA* in breast cancer, and pinpoint a novel biomarker and potential therapeutic target for breast cancer patients. Meanwhile, we are aware of several limitations in this study. First, the sample size of the individual study included in the current meta-analysis was relatively small and the information concerning the patients was not adequate to perform more thorough subgroup studies such as age, gender, and subtype of breast cancer to evaluate the heterogeneity among the included studies. Second, the polymorphism of *XPA* rs1800975 was detected by different methods, which might influence the accuracy of the results. Moreover, even though the geographical information could be obtained from the included studies, the information of the ethnic origin of patients was unable to be acquired from the enrolled studies. Therefore, large sample size and well-designed studies are required to further verify the association between *XPA* rs1800975 polymorphism and the risk of breast cancer.

5. Conclusion
=============

The *XPA* rs1800975 polymorphism was involved in the occurrence and development of breast cancer and may be taken as a useful biomarker for evaluating breast cancer risk, especially for non-Asians.
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